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ABSTRACT 
Is Physical Practice Necessary for Parallel Development of Implicit and Explicit 
Sequence Knowledge?   Evidence from Observational Learning. 
(May 2006) 
Kirk A. Zihlman, B.B.A., The University of Iowa 
Chair of Advisory Committee:  Dr. David L. Wright 
 
 The present experiment evaluated Willingham & Goedert-Eschmann’s proposal 
(1999) that physical practice is required to support the parallel activation of explicit and 
implicit systems during practice of an SRT task.  Individuals either physically executed 
or observed an individual producing a repeating 12-element sequence.  Models and 
observers were provided with explicit information regarding the sequence or were 
uninformed.  Congruent with previous findings, providing explicit instructions resulted 
in a significant decrease in response times to sequenced stimuli during acquisition.  
Individuals who physically performed the sequences during practice exhibited 
performance during direct and indirect tests consistent with parallel activation of both 
the explicit and implicit systems.  Unexpectedly, performance on the indirect test for the 
observers that revealed explicit learning was similar to that reported for the model, 
indicating parallel activation also occurred during observation.  This finding addresses 
some of the predictions made by Willingham’s COBALT (1998).  Furthermore, a subset 
of observers revealed no explicit knowledge of the 12-element sequence but performed 
well on the indirect test.  Learning via the implicit system during observation is 
congruent with recent behavioral data of Bird and colleagues (2005).     
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CHAPTER I 
 
INTRODUCTION AND BACKGROUND 
 
 The following introduction provides the reader with the necessary background of 
terms, definitions, and relevant semantics that represent the literature and the rationale 
behind the current project.  The first step will be to identify the two forms of learning 
that are central to the research questions involved in this project.  That is, a brief review 
of the concepts of explicit and implicit learning is provided in order to set up one of the 
major themes of this project:  Given that explicit and implicit learning systems are 
separable; do these two systems develop in parallel?  In this section, several papers will 
be discussed that have proposed both the theoretical framework of parallel developing 
learning systems (Curran and Keele, 1993; Willingham et al., 1999), and the theoretical 
framing of a control-based theory of learning - COBALT (Willingham, 1998), which has 
posited specific assumptions about how motor skills are acquired. 
 The second goal of this introduction is to present research relating to the second 
major question of this project:  If explicit and implicit learning systems truly develop in 
parallel, is physical practice necessary for this to occur?  To address this question we 
examined the role of observation for acquisition of a motor skill.  Thus, a review of 
observation is presented which strongly relies on some of the assumptions made by 
COBALT and review articles that have employed similar sequence learning tasks to 
further probe the phenomenon of observation. 
 
 
 
This Thesis follows the style of the British Journal of Psychology. 
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Skill Acquisition: Explicit and Implicit Learning 
The general account for achieving skilled behavior has followed a similar theme 
for many decades.  Fitts (1964) described stages of skill development that could be 
characterized on the basis of the importance of verbal information.  Specifically, early in 
learning, verbal information appears critical whereas at more advanced levels the 
efficacy of cognitive mediation is relatively lower. The role and time course of 
conscious processes during skill acquisition did not change much in Anderson’s ACT 
and ACT* theories from that delineated by Fitts (Anderson, 1983).  Specifically, 
Anderson made the distinction between declarative and procedural knowledge and 
highlighted the importance of declarative information early in the acquisition of a new 
task.  Declarative information is that in which individuals can verbally express the 
features of the learned task.   Subsequent compilation and proceduralization of 
knowledge into a form that was less accessible via verbal processes occurs with more 
extended practice.  Thus, procedural knowledge is defined as knowing how to perform a 
skill without having the verbal abilities to relate the information.  This general idea was 
also advocated in theories that directly targeted the process of motor learning (see 
Adams, 1971; Schmidt, 1976).   
Mastery of some skills does not always depend on the prior acquisition of 
explicit information that is easily verbalized.  For instance having formal knowledge of 
the dynamics of limb coordination would provide little benefit when attempting to hit a 
fastball in baseball.  It appears that there is some capacity to acquire behaviors, in 
particular motor behaviors, without encoding information in an explicit, verbal, 
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conscious form, (Fitts, 1964; Adams, 1971; Anderson, 1983; Schmidt, 1976).  The 
assumed progression from declarative to procedural knowledge is also questioned by 
findings that suggest that an impairment in the explicit system assumed to support 
declarative memory, which can occur as a consequence of brain damage, does not 
preclude the accurate performance and learning of certain motor skills at a level similar 
to that achieved by individuals with no neurological disruption (Squire, Knowlton, & 
Musen, 1993).  This type of learning has been labeled implicit learning and most 
commonly characterized by knowledge, sufficient to support the production of a motor 
skill, which is unconscious and difficult to verbalize.  This is distinct from explicit 
learning in which learning involves the storage, retrieval, and transformation of 
knowledge that is garnered through various hypothesis-testing strategies and application 
of various verbal rules (Goschke, 2001).    
Assessing the viability of implicit learning and some of the boundaries of this 
type of learning has relied heavily on findings from the study of sequence learning and 
has made extensive use of the serial reaction time (RT) paradigm (Nissen & Bullemer, 
1987; Willingham, Nissen, & Bullemer, 1989).  In this paradigm participants perform an 
n-choice RT task in which, unbeknownst to them, a sequence of stimuli is repeated a 
number of times throughout a bout of acquisition.  Implicit learning is inferred from the 
observation that RT to each stimulus is faster for the embedded sequence compared to a 
situation in which the performer responds to a random string of stimuli.  More 
importantly, when asked about the repeated sequence experienced during practice, the 
performer is unable to verbalize with reasonable accuracy or certainty any specific 
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details of the sequence (Willingham, Nissen, & Bullemer, 1989).  It should not go 
unnoticed however that sequence learning does benefit from the involvement of 
conscious, explicit processes.  For example, RT improves at a faster rate when 
instructions regarding the nature of the embedded sequence are provided to the learner in 
advance of practice (Curran & Keele, 1993) or via conscious insight at some point 
during acquisition (Willingham, Nissen, & Bullemer, 1989; Brooks, Hilperath, Brooks, 
Ross, & Freund, 1995; Willingham, 1999).  The early descriptions of skill development 
forwarded by Fitts and others implied that early learning primarily involves consciously 
mediated explicit processes which were subsequently replaced by unique implicit 
processes that further advanced the learners’ task knowledge, ultimately resulting in 
improved performance.   
Additional empirical support for this occurrence has emerged from findings 
again using the serial RT task but in conjunction with the assessment of metabolic 
changes in particular neural substrates using neuroimaging, e.g. PET and fMRI, (Roland, 
Larsen, Lassen, & Skinhoj, 1980; Rao, Binder, Bandettini, Hammeke, Yetkin, 
Jesmanowicz, Lisk, Morris, Mueller, & Estkowski, 1993).  These data have indicated 
that changes associated with explicit learning occurred in the prefrontal and premotor 
areas.  In contrast, implicit learning was related to changes in primary and 
supplementary motor areas as well as the putamen (Grafton, Hazeltine, & Ivry, 1995).   
Importantly, the reported changes in metabolic activity did not occur simultaneously 
implying that the contribution from explicit and implicit learning occurs at different time 
frames.   
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Multiple Forms of Implicit Learning 
The following section deals with the three forms of implicit learning identified 
by Seger, yet there remains the possibility that there are more than three, undefined 
forms that exist.  The three forms of implicit learning discussed here include abstract 
implicit learning, perceptual implicit learning, and the form of learning that encompasses 
the types of serial reaction tasks used in this project and numerous other studies: motor 
implicit learning.   
 In abstract implicit learning, it is not reaction time to a stimulus or the perception 
of that stimulus that is the benchmark in which to measure the degree of learning.  
Instead, subjects in this task would simply be asked to make a judgment about a stimulus 
or series of stimuli.  This type of implicit learning task is comparable in methodology to 
the artificial grammatical strings used in some of the earliest implicit learning paradigms.  
The subliminal mere exposure effect has been used in experiments to test the theory of 
how judgments can be made about stimuli on the basis of unconscious/implicit 
knowledge.  Subjects would see a geometric figure at an initial phase of learning and 
then later see the image paired figures repeated throughout acquisition and report which 
figures they like most.   
Subjects usually prefer images they have been exposed to previously, although 
the repetition of figures is never consciously recognized by the subjects at anything 
higher than chance.  One other explanation for the theory of abstract implicit learning is 
a two-stage theory that explains that judgments made in a subliminal mere exposure 
paradigm are first, privy to an activated unconscious knowledge of the stimulus; and 
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second, subjects will, in the absence of explicit stimulus knowledge, attribute their 
feelings to some property of the stimulus (Seger, 1998). 
 In the next form of implicit learning, perceptual implicit learning, the learning is 
measured by changes in perceptual processing of stimuli to levels of basic stimuli 
identification (Seger, 1998).  The experiments in this paradigm test the subjects’ ability 
to perceive the stimuli rather than make judgments about them.  Using nonword strings 
of letters, researchers have shown an implicit quality to the perceptual identification 
tasks due to the seemingly incidental learning of these strings.  Within perceptual 
implicit learning there are two elements that characterize the perceptual system: novel 
object priming and associative priming.   
 Novel visual forms are learned by one’s perceptual system during many instances 
and replications of an object identification test (Seger, 1998).  The reason novel object 
priming is compared with implicit learning is because the learning happens incidentally, 
and it involves acquiring new information.  This type of learning is also preserved in 
cases where explicit learning and memory is non-existent, as in the case of amnesiacs 
(Seger, 1998; Schacter et al., 1995). 
 Associative priming shows that the strength of two is more powerful than the 
strength of one.  That is, pairing unrelated words in learning and at test reveals a priming 
effect thought to be indicative of perceptual implicit learning.  The reason this priming is 
perceptually linked is because levels of processing manipulation (those which involve 
conceptual and semantic processes) do not affect association priming (Seger, 1998).  It 
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also meets the criteria of implicit learning because, like object priming, it occurs 
incidentally and without a necessity for conscious awareness. 
 Motor implicit learning is that which facilitates a motor response and is thought 
to be, for the most part, accessible (Seger, 1998).  The serial reaction time (SRT) task is 
the most commonly used instrument of measuring this learning and the SRT task is 
exactly what is being employed in the current project.  The learning is measured by way 
of facilitating the motor response.  That is, the reaction times of repeated, sequenced 
stimuli are measured against times of random stimuli which appear as new, un-
experienced events to a subject.  The difference in times is a clear indication of learning.  
The implicit aspect of the motor tasks like the SRT is in the way in which the stimuli are 
learned.  If the learning appears to be incidental, or rather uninstructed, than it qualifies 
as more of an unconscious or implicit form of learning.  Also, if explicit cues are absent 
and the subject never gains an explicit knowledge of the sequence, or stimuli pattern, 
than the learning is classified as more automatic, i.e. an implicitly learned motor task.  
The classic paradigm for testing implicit motor learning was developed by Nissen and 
colleagues.  These studies used a 8-12 items sequences of stimuli occurring on a screen, 
requiring subjects to respond to the stimuli by making fast keypresses to measure 
reaction time (Nissen & Bullemer, 1987) Many variations of this task have been used to 
explore similar issues and the present project uses the Willingham and Goedert-
Eschmann (1999) manipulation of this task as a basis for investigating whether 
observation can be an effective way of learning sequenced stimuli. 
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Distinguishing Implicit vs. Explicit Learning and Implicit Learning vs. Implicit Memory 
The issue of intention, and sometimes attention, is almost always at the forefront 
in any debate over the differences between implicit and explicit learning.  Given the 
definition of the earliest researchers in this area, explicit learning can be thought of as 
typically referring to intentional, hypothesis-guided acquisition of knowledge, (see 
Stadler & Frensch, 1998).  Implicit and explicit learning have since been further 
separated out in the minds of some researchers, yet some contend that these are nothing 
more than parallel-acting learning systems, (Shin & Ivry, 2002).  Some have even gone 
so far as to identify different and shared neurological systems related to processes of 
implicit and explicit learning (Reber & Squire, 1994; Willingham, 1998). 
 Also in contrast to the notion of implicit learning, is the concept of implicit 
memory.  Implicit memory is related to observed memory effects that appear without 
any conscious intention to recollect prior episodes (Graf, 1994).  While implicit learning 
can be viewed as an on-going process, implicit memory is more of a stagnant event 
which is typically assessed by some type of retrieval cue following the exposure to 
learning.  This is why Reber has often claimed in a sense that implicit learning is a 
learning phenomenon, not a memory retrieval phenomenon (Frensch, 1998). 
The first step in successfully distinguishing implicit learning from implicit 
memory is providing clear, widely accepted definitions of both terms.  Implicit learning, 
as previously mentioned, can be thought of as automatic, unconscious learning in which 
someone becomes able to perform a task without being given instructions regarding the 
rules/components of the task itself.  Some of the earliest research into this phenomenon 
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was popularized by Ebbinghaus in the late 1800’s and again revisited by another pioneer 
of cognitive psychology, George Miller.  Both researchers used strings of grammatical 
symbols which were either syntactically correct or random.  The difference in a person’s 
ability to memorize the strings was thought to represent the capacity to implicitly learn 
the structure of the symbols.  This view of implicit learning was later challenged by 
Reber, who has since been regarded as the founder of most assessments of implicit 
learning.  Reber challenged whether subjects in the previous studies were actually 
recording or encoding the grammatical strings without being able to actually verbalize 
knowledge about the symbols (characteristic of explicit learning).  This notion not only 
distinguishes what the previous researchers were defining implicit learning versus 
implicit memory as, but also challenges the distinction between implicit and explicit 
learning processes. In essence, Reber challenged whether or not the previously used 
tasks were actually forums for true implicit learning (Reber, 1967).  Since Reber’s 
ground-breaking studies, the definition of implicit learning has been articulated by many 
other researchers.   
However, Reber’s view remains prominent in related literature:  that implicit 
learning should be viewed as a “learning-only” process that is conceptually different 
from implicit memory.  It is also conceptually distinct from explicit learning and 
operationally different from incidental learning and learning without awareness.  Thus, 
one way to define implicit learning is to “define the concept…in terms of the 
nonintentional, automatic acquisition of knowledge about structural relations between 
objects or events” (Frensch, 1998). 
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The Parallel-development of Two Learning Systems and Control-based Learning Theory 
The description of the time course of declarative knowledge is generated via an 
explicit learning system and procedural knowledge is generated via activation of an 
implicit learning system in ACT*, assuming a serial process.  Recently, an alternative 
account of skill acquisition advocates the parallel activation of the explicit and implicit 
learning systems (Curran & Keele, 1993; Willingham & Goedert-Eschmann, 1999).  In 
experiments such as Curran and Keele’s, the data has shown that sequenced patterns of 
behavior can be learned via two separate systems: explicit and implicit.  Moreover, these 
two systems have been suggested to operate in parallel when learning sequenced stimuli.  
Curran and Keele specifically showed that the explicit system operates on demand of 
attention and develops in parallel with the nonattention-demanding implicit learning 
system.  These findings oppose previous notions that implicit learning, synonymous with 
unconscious processes, results from a transformation from explicit, or consciously-
mediated, processes as the exposure to the stimuli increases during acquisition. 
Willingham and Goedert-Eschmann (1999) furthered the notion of parallel 
activation of the explicit and implicit systems.  Specifically, they had individuals 
perform the classical SRT.  The SRT task in this case was used to assess physical 
learners who are either given explicit instructions regarding sequence acquisition or are 
given no, (implicit), instructions at all.  The findings suggest that those persons who 
were instructed about the presence of the 12-element sequence are capable of explicitly 
recalling the composition of the sequence, demonstrating explicit knowledge.  These 
same individuals also demonstrate the ability to produce faster reaction times on 
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sequenced trials versus random trials in a test of transfer, indicating implicit learning of 
the sequence.  Willingham suggests that the demonstrated implicit knowledge occurs in 
the absence of explicit instructions because the implicit system is a separate, independent 
learning system that occurs in parallel with explicit learning.    
The notion that knowledge can be garnered through parallel activation of the 
explicit and implicit leaning systems is central to Willingham’s (1998) control-based 
learning theory (COBALT) of motor skill acquisition.  This theory focuses on a series of 
motor control processes each of which are assumed to have a distinct neural base. The 
strategic process, assumed to be governed by the dorsolateral prefrontal cortex, is 
primarily responsible for learning which requires a certain level of conscious decision-
making and cognitive influence.  The perceptual-motor integration process is important 
for translating perceived events into direct motor actions.  One example is an individual 
perceiving the weight, circumference, and characteristics of a baseball before executing 
the throwing motion.  This process is most likely governed by areas of the parietal cortex 
located posterior to the motor cortex. The sequencing processes are important for 
encoding stimuli in ordered, sequenced, manner.  These processes are governed by the 
supplementary motor area and subcortical areas such as the basal ganglia.  Finally, the 
dynamic processes are those that occur in specific effectors that are executing a 
particular motor skill.  These processes are governed by spinal interneurons that are 
located outside of the central nervous system.   
Most critical for the present discussion is that the control processes discussed by 
Willingham can be engaged in either a conscious or unconscious mode.  The conscious 
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mode, which is most like an explicit learning system, can contribute to learning at any 
point during skill acquisition.  While one would expect this mode to be particularly 
appropriate during the early learning periods Wllingham’s COBALT does not discount 
the possibility of the conscious mode being invoked at a later more advanced stage of 
learning if the learner perceives a particular motor control process to be unusually or 
uniquely demanding.  The unconscious mode, akin to an implicit learning system, is 
sufficient to support the administration of a number of the motor control processes in 
COBALT in particular the perceptual-motor integration and sequencing processes.  
COBALT argues for an interface of the explicit and implicit learning systems.  Two 
modes relying on different representational formats are proposed by Willingham to be 
present, a conscious and an unconscious mode of learning/processing.  The conscious 
mode is important for the selection of the skill’s targets or strategies and requires 
attention to meet the demands of the process.  The unconscious mode does not require 
attention and seeks mainly to “fine-tune” the processes selected, or identified, during the 
conscious process.  Willingham’s assertion is that the interface, or interaction, between 
the learning systems appears to be uni-directional.  That is, the conscious mode of 
learning/processing is invoked initially, and is followed by activation of unconscious 
processes. 
Returning again to the work of Willingham and Goedert-Eschmann (1999) 
reminds us that participants used either the conscious or unconscious mode during the 
physical practice of a 12-element movement sequence. All participants were then 
administered an indirect test (learning within the implicit system), as well as a direct test 
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that measured learning within the explicit system.  By being given the opportunity to 
execute the sequences during acquisition and engaging in the conscious mode, the 
participants were able to both activate the explicit system in order to perform on the 
direct test, as well as activate the implicit system, and thus generated knowledge that 
supported performance during the indirect test.  In contrast, individuals that only 
invoked the unconscious mode relied on knowledge generated by the implicit system to 
support their attempts at executing the task and thus were unable to perform in the direct 
test.   
The influence of physical practice for skill acquisition as described by 
Willingham (1998) raises an important question regarding the utility of alternative 
practice formats frequently used for acquisition.  Procedures such as observational and 
mental protocols are practice types that immediately come to mind.  According to the 
COBALT (Willingham, 1998) all learning must occur through the conscious mode when 
observing movement sequences.  Thus, the only learning system that would be activated 
during the observation of motor events and consequently available to support motor 
behavior, would be the knowledge garnered from the explicit, not the implicit, system.   
Sequence Learning Through Observation 
Howard, Mutter, and Howard (1992) provided some initial evidence that 
observation was sufficient to support the learning of movement sequences revealing 
performance similar to physical practice participants for both explicit and implicit tests.  
The findings suggest that observers were able to perform well on indirect measures of 
sequence learning despite not being given explicit sequence instructions.  Thus, the 
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initial claim was that observers are capable of learning sequenced information via 
implicit processes.  While Howard et al., argued that observers garnered implicit 
knowledge, Kelly and Burton (2001) pointed out that the observers in this study revealed 
extraordinary levels of explicit knowledge which might have facilitated performance on 
not only the direct (explicit) but also indirect (implicit) tests.  Indeed when Kelly and 
Burton controlled for the extent of explicit knowledge, observers did not demonstrate 
sequence learning.  Specifically, Kelly and Burton had observers and physical 
participants practice or observe the keypressing of a 10-item repeating sequence.  Their 
experiments found no evidence of implicit observational learning although the physical 
participants did demonstrate implicit sequence learning and observers demonstrated 
explicit sequence knowledge.    The finding that the observers can attain substantial 
explicit knowledge to support subsequent performance of a movement sequence is 
consistent with the prediction from COBALT that observational practice involves the 
conscious mode.    
 Kelly and Burton (2001) produced findings and made conclusions that are 
consistent with the notion that if sequence learning is at all possible via observation, it 
must be learning that is characteristic of explicit knowledge.  Their approach was to 
conduct experiments similar to those of Howard and colleagues (1992) yet the sequence 
employed was of a more difficult nature, and the participants were exposed to a lesser 
amount of practice/observation.  In this case, the explicit sequence learning that had been 
quite high in Howard and colleagues’ previous work, was rather low in both physical 
participants and observers tested in Kelly and colleagues’ experiments.  Furthermore, 
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only the physically-trained participants demonstrated implicit sequence knowledge.  
These findings are consistent with other studies that have shown implicit knowledge 
takes longer to occur, and occurs only if the opportunity to physically enact the 
sequenced movements is afforded (see also Willingham & Goedert-Eschmann, 1999).  
Kelly and Burton did not dismiss the fact that simpler tasks, possibly shorter in length or 
less ambiguous, could be successfully learned via observation (see Howard et al., 1992; 
Black & Wright, 2001).  However, in such a case it should not be surprising that 
observational sequence learning occur in unison with a high degree of explicit 
knowledge.  In which case, Kelly and Burton suggest that it might be very difficult to 
truly assess whether implicit learning can occur via observation.  In a subsequent study, 
Kelly et al. attempted to generate conditions in which explicit sequence knowledge was 
rather difficult to ascertain.  They accomplished this by having individuals practice 2nd 
order conditional sequences while paired with a tone counting task.  After establishing 
this, observers and physical practice participants were exposed to sequence learning with 
some individuals having the sequence made more salient by color coding sections of the 
sequence throughout practice.  Implicit learning was present in all the individuals that 
physically practiced the task, which occurred in the absence of explicit knowledge.  In 
contrast, implicit knowledge as a result of observational learning was only present for 
the individuals that were exposed to the saliency manipulation (color coding) which also 
was attributed to substantial explicit knowledge.  Thus, as was reported by Howard and 
colleagues (1992), implicit learning following observation is only present in situations 
where there is concomitant explicit knowledge. 
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 Heyes and Foster (2002) advocate that one important shortcoming of the present 
work examining sequence learning and observation is the failure to disambiguate the 
conditions of observation.  Specifically, studies have rarely paid a proper amount of 
attention to whether observers focused on body movements or the actual outcome of 
these movements in the form of the resultant stimulus displacement.  This was certainly 
the case in the work of Kelly and Burton (2001), which encouraged participants to 
switch their attention from the screen display to the movement of the fingers on the 
keyboard.  This was also characteristic of the work of Whiting, Bijlard, and den Brinker 
(1987) which revealed impressive learning through observation of a very complex 
simulated skiing task.  It is difficult to assume the observers learned from watching the 
skier, the movement of the platform on which the modeler was skiing, or some 
combination of the two sources of information.  It does appear that there are numerous 
examples in which the nature of the observation is more clearly imposed, or moderated 
to the observer.  Vogt (1995) had participants watch the outcome of a flexion-extension 
task performed by a modeler, in the form of a cursor moving across a computer screen.  
This was enough information to enable the observer to execute this same response at a 
later time with accurate relative timing.  Recall also the work of Howard and colleagues 
(1992) that required their observers to watch the change in stimulus location, not finger-
sequencing, during the physical participant’s acquisition. 
 Despite these examples, Heyes and Foster assert that to show “true” 
observational motor learning the observer must pay close attention to the response and 
not the stimulus.  In doing Heyes and Foster argued observation would best enable skill 
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acquisition but would do so by facilitating the development of effector-specific 
representations.  This would be behavioral evidence that would be particularly important 
because it would accompany data from recent neurophysiological evidence in suggesting 
that some forms of observation do activate areas typically associated with motor 
movements (the premotor area, motor cortex, etc.).  A focus only on the physical 
participant’s response might also support the development of implicit knowledge 
generation through observation which the data of Willingham and Goedert-Eschmann 
(1999) and Kelly and Burton (2001) would not predict to occur.  To investigate this 
possibility Heyes and Foster encourage observers to watch the physical participants’ 
responses while practicing a short six-element sequence then administered: typical SRT 
trials with repeated and random sequences, a generation test, as well as transfer tests 
examining the efficacy of perceptual and motoric representations following observation.  
As reported in previous studies, observation supported greater explicit knowledge of 
sequences than physical practice.  Moreover, this knowledge was not sufficient to 
support transfer of this sequence information to a new effector suggesting that this 
information was represented in an effector-specific manner.  In contrast, little evidence 
emerged for explicit knowledge for physical participants who had acquired implicit 
knowledge that was represented in both a perceptual and motoric nature.      
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CHAPTER II 
METHODS 
In the present study we used observational learning as a vehicle to further assess 
central predictions emanating from Willingham’s (1998) COBALT.  Specifically, we 
were interested in whether physical practice was needed to support simultaneous 
learning in the explicit and implicit systems.  Physical practice participants received 
either explicit information regarding the embedded sequence or no instructions regarding 
the structure of the sequence.  This replicated the key experimental conditions used by 
Willingham and Goedert-Eschmann (1999).  The unique aspect of this experiment was 
the inclusion of observers paired with each physical practice participant.  Thus, 
observers were either privy to instructions about the sequence or were uninformed 
regarding a sequence being present.  At the conclusion of an acquisition period similar in 
length to that used by Willingham and Goedert-Eschmann, both indirect and direct tests 
were administered to evaluate the learning via the implicit and explicit systems, 
respectively. 
 The expectations for the individuals exposed to physical practice were 
straightforward.  In this case, we expected to replicate the findings of Willingham and 
Goedert-Eschmann (1999).  Individuals that were provided instructions about the 
structure of the sequences should be able to describe in some detail and with some 
confidence the items contained in the sequence thus performing well on the direct test.  
Moreover, given these individuals were afforded the opportunity to practice the 
sequence during acquisition, according to Willingham and Goedert-Eschmann (1999), 
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the implicit system should simultaneously be activated which should support 
performance on the subsequent indirect test.   
 For the present study the more interesting predictions involved the observers.  
According to Willingham (1998), observation should yield explicit knowledge that is 
driven by use of the conscious mode.  It was anticipated then that an observer paired 
with a physical practice participant should entertain the conscious mode, the activity of 
the explicit system, in a similar manner to the model.  If this occurs, performance for the 
direct test administered after acquisition should reveal similar performance between the 
model and the observer.  With respect to learning via the implicit system we considered 
two possibilities.  First, on the basis of Willingham’s (1998) COBALT, observers should 
show poorer capacity to meet the demands of the indirect test since the implicit system is 
only active when physical practice is engaged.  These data would be consistent with a 
variety of previous work indicating a lack of implicit knowledge generation through 
observation (Kelly and Burton, 2001; Kelly et al., 2003).   
The second possibility is that the observers will exhibit performance benefits for 
the indirect test consistent with the notion that an action representation is achieved and 
developed during observation (see Bird, Osman, Saggerson, & Heyes 2005).  Of greatest 
importance however, is whether this can be accomplished without the emergence of 
explicit knowledge when observing.  At this point however, the prevailing evidence 
suggests that the relatively long sequences (i.e. 12-elements) like those used in the 
present work, do not facilitate any implicit observational learning when observation does 
not result in a level of concomitant explicit learning. 
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Participants 
 Forty-eight undergraduate students recruited from Texas A&M University 
completed the experiment and received credit in a participating course of study.  The 
mean age of these participants was 21 years old with a standard deviation of 2 years.  All 
participants were given an information sheet regarding the experiment that had been 
approved, and given exempt status, by the Institutional Review Board of Texas A&M 
University.  
SRT Task 
Acquisition 
The task used in the present experiment was adapted from of Willingham and 
Goedert-Eschmann (1999).  Participants responded via a keypress to the display of a 
darkened black circle that appeared in one of four empty boxes that were horizontally 
arranged across the center of a computer screen and spatially compatible with the 
response keys.  The participants used the index and middle fingers of the right and left 
hands to press one of four keys in response to the circle (“z”, “c”, “b”, or “m”).  The 
participants heard an auditory error signal, or tone, if a key other than the four 
designated keys was pressed or if an appropriate key was pressed out of order. 
 The experiment began by having the physical practice participant familiarize 
themselves with the appropriate keys via 72 trials of randomly presented stimuli.  
Immediately following this familiarization period the participant begin the acquisition 
phase.  Each participant was assigned a different repeating 12-unit sequence of stimuli, 
(black circles appearing in each of the four boxes).  In order for a sequence to be used in 
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the acquisition session it had to meet the following requirements: (given the four boxes 
representing positions 1-4 arranged left to right), the stimulus position could not repeat 
(e.g. 1334); each stimulus position appeared equal amount of times; and a sequence of 4 
elements could not contain a run (e.g. 1234), or contain trills (e.g. 1414).  Participants 
were given four blocks of acquisition during this period and their partnered observer was 
privy to the entire session.  One block during acquisition consisted of six presentations 
of the 12-unit sequence.  This resulted in 72 independent keypresses. 
 The paired observers were simply told to watch the same task the physical 
participant was performing.  The observers were not specifically told to look only at the 
motor actions of the physical participant, nor were they told to look only at the computer 
screen.  Instead, the instructions to the observer were general enough where the observer 
could choose which information to consume. 
Physical practice participants and their observers were given one of two different 
types of instructions, implicit or explicit.  Those receiving implicit instructions were told 
that the goal of the task was simply to respond to the appearance of the circle by pressing 
the corresponding key as fast and as accurately as possible.  The participants could 
assess the accuracy by way of the auditory error signal that was played when an errant 
response was made.  Those assigned to the explicit instruction condition were informed 
that they would practice a 12-unit sequence.  Furthermore, these individuals were 
informed of the exact structure of the 12-element sequence.  For example, 4 keys were 
each used in sequence 3 times to create a sequence length total of 12-elements.  To 
further facilitate their knowledge of the sequence a string of numbers, (where; 1 = z; 2 = 
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c; 3 = b; and 4 = m), representing the numerical serial position of each of the 12 stimuli 
was present above the four boxes.  During the first block the entire numerical string 
representing the 12-element sequence was available to view, but on consecutive blocks, 
the numbers, beginning with the first three from the left were occluded by an “X”.   So 
by the last block of practice, only the last three numbers of the sequence were visible to 
the participants.  Performance on the sequence during acquisition for each physical 
participant was assessed by taking the median for each of the 6 cycles of the 12-element 
sequence.  The mean of the six medians was then computed to provide an index of 
performance for each block during acquisition.    
Test Phase - Indirect Test (Implicit Learning System) 
Following acquisition the observers were asked to leave the room while the 
physical participants completed a 72-trial transfer block.  The transfer block was 
organized such so the participant performed 24 random trials, 12 sequenced trials, 24 
random trials, and 12 sequenced trials.  These trials constituted the indirect test, and 
captured what learning occurred within the implicit system.  Willingham claimed this 
indirect test did this by having participants respond to both the repeated sequence as well 
as random sequences.  Since it has been shown that participants will obtain a professed 
explicit knowledge during implicit learning, the random sequences are employed to 
suppress the possible influence of explicit knowledge.   Observers performed this same 
indirect test immediately following the physical participants. 
This indirect test of learning was assessed in a different manner than that of 
Willingham and Goedert-Eschmann, 1999.  Willingham’s particular study incorporated 
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the use of calculating a learning score for each subject which measured RTs on 
sequenced/repeated trials versus random trials.  Moreover, Willingham’s study has used 
what can be considered a double-control by also running some participants in a condition 
where the “repeated” trials were nothing more than mere novel sequences that appeared 
just as random as those trials designated as random.  Instead, we took the reaction times 
of keypresses made on the sequenced, or repeated, trials that had occurred during 
acquisition: a total of 18 keypresses (the first 3 keypresses in each group of 12 were 
dropped) and compared them with the reaction times of the 42 keypresses made to 
randomly generated stimuli (again, the first 3 of random trials were dropped).  The 
median RT for the keypresses during the sequenced trials was computed and an 
additional median was determined for each of the sets of 12 random trials, for the 
purpose of analyzing the average of the sequenced trial medians against that of the 
average random trial medians.  
Test Phase - Direct Test (Explicit Learning System) 
Knowledge gained in the explicit system was evaluated via a free recall test.  
Participants were reminded, or informed for the first time, that during acquisition they 
had either produced or observed responses to a repeating sequence of stimuli.  They 
were given a blank card with 12 lines and asked to recall the sequence by filling in the 
blank spaces.  Participants were given the option to write the letters of the keys that had 
been used (z, c, b, m) or write the numbers that represented the stimuli position on the 
screen from left to right (1, 2, 3, 4).  It was noted by the experimenters that observers 
tended to use the numbers to produce free recall responses, while physical participants 
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tended to use the letters of the keys used; however, no formal analysis of the aspect was 
undertaken.  All participants were allowed to view the keyboard during this period but 
were restricted from motorically re-enacting the finger movements that had been made.  
This recall assessment differs from Willingham and Goedert-Eschmann (1999) in that 
Willingham’s participants actually pressed the keys during recall.  In the present work 
we eliminated this to reduce the possible contamination of the direct test by knowledge 
from the implicit system.  The participants’ responses were entered via the keyboard by 
the experimenter after the participants had finished writing on the blank card.   
Scoring free recall responses involved awarding 1 point for each correct position 
recalled.  However, to reduce spurious responses or mere guessing, the position had to 
meet the criteria that it had to be included in a recalled segment of three elements.  So if 
a participant saw ‘132443122314’ and responded at test with ‘143243122413’, they 
receive 4 points for correctly recalling ‘4312’ in its’ exact location and an additional 2 
points for including ‘324’ in positions 3, 4, and 5 of their sequence.  Note however that 
the “4” is not credited twice since it only occurs in proper sequence once in the 
participants’ response (‘324’ appears in positions 2, 3, and 4 in the original sequence).  
Participants did not receive “double” credit for a number that appeared in consecutive 3-
item/4-item segments. 
 To further control for “guessing” performance and to compute a more accurate 
index of knowledge from the explicit system, the participants’ free recall was compared 
with five additional random sequences.  This constituted a random control mean or 
“guessing” score and was computed by scoring the actual responses against the 5 
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random trials and taking the mean of those 5 scores.   Thus, each participant had a free 
recall score based on the practiced or observed sequence and a “guessing” score based 
on random sequences.   
 Confidence ratings were used by Willingham and Goedert-Eschmann (1999) as 
supplemental data to assess the efficacy of the explicit learning system.  Accordingly, 
after the indirect measure of transfer, each participant was told that the transfer session 
consisted mainly of random stimuli; however, the repeated sequence that they had been 
exposed to during acquisition might or might not have appeared in transfer.    They were 
asked to give a confidence rating in regards to the presence of a repeated that was the 
same as the one performed (or observed) during the acquisition phase.  A rating of 1 was 
interpreted as confidence that the sequences appearing in transfer were entirely new, or 
random, and not part of the acquisition phase.  Alternatively, a rating of 7 meant that the 
individual was confident that there was a repeated sequence amongst the random trials 
and it was a sequence they had performed (or observed) during acquisition. 
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CHAPTER III 
RESULTS 
SRT Task 
 Acquisition 
Mean reaction time (RT) for individuals that physically practiced and received 
either explicit or implicit instructions during acquisition are depicted in Figure 1.  The 2 
(Instruction: explicit, implicit) × 4 (Block: 1-4) ANOVA, with repeated measures on the 
last factor, of these data revealed a significant main effect for Block, F(3,66) = 18.41, p 
< .0001, and revealed a significant Block × Instruction interaction, F(3,88) = 2.74, p 
= .05.  Post-hoc analysis of the block main effect revealed that the effect was a result of 
mean RT being significantly higher in Block 1 (M = 357 ms, SE = 18 ms) than in Block 
2 (M = 334 ms, SE = 13 ms).  Also mean RTs in Blocks 3 and 4 were not statistically 
different from each other, yet both statistically different than Block 1 and Block 2: 
[Block 3 (M=316 ms, SE = 13 ms) and Block 4 (M = 314 ms, SE = 13 ms)].  Post-hoc 
analysis of the interaction effect between instruction and block was a result of Block 1 
RT (M = 372 ms, SE = 20 ms) being different from Block 3 RT (M = 317 ms, SE = 11 
ms) and Block 4 RT (M = 314 ms, SE = 11 ms) for those participants who were given 
explicit instructions, although participants that received implicit instructions performed 
the same on Blocks 1-4. 
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Test Phase - Direct Test 
The free recall data, depicted in Figure 2, is the most explicit measure of learning 
in order to assess how effective the instructions given during acquisition were at 
facilitating either implicit or explicit learning.  These data were submitted to a 2 
(Practice type: physical, observation) × 2 (Instruction: Explicit, Implicit) x 2 (Test: 
Actual Recall Sequence, Guessing Score)  ANOVA with repeated measures on the last 
factor, test. This analysis revealed a significant main effect for Test, F(1,44) = 31.37, p 
< .0001. This effect was a result of the mean free recall being higher for the 
repeated/sequenced items (M = 6.7 items) compared to the random (M = 4.7 items) test 
of recall. There was also a significant main effect for the type of instruction, F(1,44) = 
Figure 1: Acquisition data for physical participants. Fig. 1 depicts 
mean RT for physical practice participants, who received either 
explicit or implicit instructions, during the acquisition blocks.  Error 
bars are standard errors. 
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14.66, p < .001.  This effect was a result of the mean free recall being higher for those 
who were given explicit instructions (M = 6.5 items) compared to those who receive 
implicit instructions (M = 4.9 items) during acquisition.  There was also a significant 
interaction between the type of practice (physical, observer) and the test factor, F(1,44) 
= 4.11, p < .05.  The post-hoc analysis of this effect revealed that the physical 
participants produced different recall scores on the actual recall test versus the guessing 
score, as did the observers.  However, there was no difference on the performance of 
actual recall items between physical participants and observers, nor was there a 
difference on the performance of the guessing score between physical participants and 
observers. 
In addition, the confidence ratings were also analyzed via a 2 (Practice type: 
physical, observation) × 2 (Instruction: Explicit, Implicit) ANOVA.  This analysis did 
not reveal any effects.  This finding suggests that confidence ratings were the same 
across groups and that neither the type of practice (Physical/Observer) nor the type of 
instruction (Implicit/Explicit) effectively influenced a participant’s response. 
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Figure 2: Direct transfer recall for physicals and observers.
Fig. 2 depicts the free recall and guessing scores for physical 
practice participants (top panel) and observers (bottom panel) 
that received either implicit (left panel) or explicit (right panel) 
instructions during acquisition.
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Test Phase - Indirect Test 
 Mean RT for physical participants’ and observers’ performance during the test 
phase is depicted in Figure 3.  A 2 Instruction × 2 (Practice type: physical, observer) × 2 
(Sequence type: repeated sequence, random) ANOVA, with repeated measures on the 
last factor, revealed a significant main effect of practice type, F(1,44) = 6.77, p < .05.  
The mean RT for the physical participants (M = 322 ms, SE = 8.1 ms) was significantly 
less than the mean RT for observers (M = 358 ms, SE = 7.8 ms).  There was also a 
significant main effect of sequence type, F(1,44) = 11.47, p <.01, where mean RT for 
repeated sequences (M = 328 ms SE = 8.1 ms) was significantly less than mean RT for 
random sequences  (M = 353 ms, SE = 7.82 ms). 
Physical/Observer Compatibility:  Is a Good Model Necessary for Observation? 
 We wanted to examine whether as an observer it is critical that a “good” model 
was provided in order to exhibit learning within the explicit and implicit learning 
systems.  To address this issue we first compared the RTs of the physical participants on 
the final block of acquisition with those participants’ on the sequenced trials of the 
indirect test. We established that these RTs were highly correlated with each other (R = 
0.78).  The mean RTs for Block 4 (M = 314 ms, SE = 44 ms) and Sequenced trials (M = 
310 ms, SE = 45 ms) were observed to be very similar.  We then compared the physical 
participants’ performance on the sequenced trials of the indirect test with the observers’ 
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Figure 3: Indirect transfer RTs physicals and observers. Fig. 3 
depicts mean RT for sequenced and random trials during the test 
phase for individuals that either practiced (top panel) or observed 
(bottom panel) and received either explicit (right panels) or implicit 
(left panel) instruction during practice.
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performance on the indirect test to determine whether it was necessary for the physical 
participants to perform well in order for observers to demonstrate learning.  Comparison 
of these two sets of RTs produced a very small correlation (R = .17), which indicates 
that the observer’s performance on the indirect test was not a function of how well the 
physical participants themselves performed.  Thus, it does not appear, at least for the 
practice schedule used in the present study, that the performance of the model 
determined the observers’ behavior for either the implicit or explicit learning system.      
Re-classification on the Basis of Explicit Knowledge  
Based on the analyses conducted to this point the following key features emerged.  
The average performance of the participants in all experimental conditions revealed 
some explicit knowledge of the embedded sequence.  This was true despite the nature of 
the instructions that were received and the type of practice that was administered.  There 
are a number of important implications of these findings for the present work.  Most 
importantly, the use of instruction similar to those of Willingham and Goedert-
Eschmann’s did not have the intended effect.  Specifically, those individuals that did not 
get explicit instructions regarding the sequence were able to recognize the embedded 
sequence and report its structure at least to the level achieved by the individuals that 
received explicit instructions.  Hence, our attempt to differentially influence the 
activation of the explicit and implicit learning systems directly appeared to fail.  These 
data are incongruent with those reported by Willingham and Goedert-Eschmann.   
To further assess the influence of the explicit knowledge we used a procedure 
commonly adopted in sequence learning studies to evaluate whether some of the 
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participants were unaware of the embedded sequence (see Curran & Keele, 1993).  
Specifically, we used the critical value from the previously described analysis of the 
direct test data as a cutoff for designating the presence of explicit knowledge.  Thus, if 
an individual had a 1.3 or greater difference between their actual and guessing free recall 
scores they were categorized as exhibiting explicit knowledge.  If this difference score 
fell below 1.3 then these individuals were categorized as exhibiting no explicit 
knowledge.  The re-categorized data are displayed in Table 1.  It should be noted that by 
using such a classification the outcome of the analyses of the direct test should reveal a 
large effect of knowledge.  That is, free recall scores for individuals who have been 
classified as having explicit knowledge will be significantly higher than scores of 
individuals classified as having no explicit knowledge.  Of greatest interest however, is 
what should happen during the indirect test.  If we assume that explicit knowledge drives 
implicit performance on the indirect test, we should expect a difference between the two 
re-classified groups in terms of their expressed implicit sequence knowledge. 
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16 participants  
7 exp.-trained; 9 imp.-trained 
 with Mean Recall Difference  = 
2.09 
 
 
8 Participants  
5 exp.-trained; 3 imp.-trained 
with Mean Recall Difference = 
-0.25 
 
20 Participants 
11 exp.-trained; 9 imp.-trained  
with Mean Recall Difference = 
3.28  
 
 
4 Participants 
1 exp.-trained; 3 imp.-trained 
 with Mean Recall Difference = 
0.25 
 
 
 
 
 
 
Physical Participants 
O
bservers
Explicit Sequence Knowledge No Sequence Knowledge 
Table 1 Depicts the participant classification used to analyze the results of 
indirect and direct tests.  Along with the actual numbers of participants in each 
block, the mean difference score between actual recall performance and guessing 
score is given in bolded font.  
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Test Phase - Direct Test 
 Figure 4 depicts the recall performance of physical participants (top panel) and 
observers (bottom panel) that were re-classified as having explicit knowledge (left panel) 
or having no explicit knowledge (right panel).  These data were submitted to a 2 
(Practice type: physical, observation) x 2 (Knowledge: explicit know. or no know.) x 2 
(Test: Actual Recall Sequence, Guessing Score) ANOVA with repeated measures on the 
last factor, test.  The analysis revealed a significant main effect for the type  There was a 
significant main effect of test (actual/guessing), F(1,41) = 35.76, p < .0001.  This effect 
was a result of the actual recall scores being higher (M=  6.7, SE = 0.38) than guessing 
scores (M = 4.7, SE = 0.23).  
 There was also a significant interaction between the level of knowledge and test, 
F(1,41) = 12.92, p < .01.  Post-hoc analysis revealed that this interaction effect was the 
result of the actual and guessing scores being different for those who had acquired 
explicit sequence knowledge (Actual = 7.25, Guessing = 4.51) whereas those who had 
not acquired explicit sequence knowledge demonstrated no significant difference 
between Actual (M = 5.08) and Guessing (M = 5.17) performance on recall.  
Furthermore, performance on the actual recall score was significantly different for the 
level of knowledge (w/ Knowledge = 7.25 vs. w/o Knowledge = 5.08), but performance  
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on guessing was not significantly different based on level of knowledge (w/ Knowledge 
= 4.51 vs. w/o Knowledge = 5.17).   
Lastly, there was a significant interaction between the type of practice 
(physical/observer) and the level of test F(1,41) = 4.69, p < .05.  Post-hoc analysis 
revealed that this interaction effect demonstrated that scores were different for Physicals 
(Actual = 6.17, Guessing = 4.87) as wells as Observers (Actual = 7.25, Guessing = 4.48).  
The confidence ratings were also analyzed as a direct measure of explicit 
knowledge that was or was not obtained via acquisition.  These data were submitted to a 
2 (Practice type: physical, observation) × 2 (Instruction: Explicit, Implicit) x 2 
(Knowledge: explicit know. or no know.) ANOVA.  The analysis revealed no 
differences in participants’ confidence ratings after participants had been re-classified as 
either having explicit knowledge or having no knowledge.  Thus, re-classifying the 
participants by the level of explicit knowledge did not validate confidence ratings as an 
effective direct measure of explicit learning.  
 
 
 
  
37
Level of Explicit Knowledge
Explicit Know No Know
R
ec
al
le
d 
ite
m
s 
(m
ax
=1
2)
0
2
4
6
8
10
12
Actual recall 
Guessing score 
 
Level of Explicit Knowledge
Explicit Know No Know
R
ec
al
le
d 
ite
m
s 
(m
ax
=1
2)
0
2
4
6
8
10
12
actual recall 
guessing score 
 
 
 
 
 
Figure 4: Direct transfer RTs for re-classified physicals and 
observers.  Fig. 4 depicts free recall and guessing scores for physical 
practice participants (top panel) and observers (bottom panel) during 
the direct test for individuals that were re-classified as having explicit 
knowledge (left panel) or having no explicit knowledge (right panel). 
Error bars are standard errors  
Observer 
Physical 
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Test Phase - Indirect Test 
Figure 5 depicts mean RT during the indirect test session for Physical 
Participants (top panel) and Observers (bottom panel) during the indirect test for 
individuals that were re-classified as having explicit knowledge (left panel) or having no 
explicit knowledge (right panel).  These data were submitted to a 2 (Practice type: 
physical, observation) × 2 (Knowledge: explicit know. or no know.) × 2 (Sequence: 
Repeated, Random) ANOVA with repeated measures on the last factor, test.  This 
analysis revealed a significant main effect of Sequence, F(1,65) =5.94, p < .05.  This 
effect was a result of the mean RT on the sequenced trials (M=328 ms, SE = 56.ms) 
being lower, (better performance), than on random trials (M = 353 ms, SE = 54 ms).  
There was also main effects of mode, F(1,65) = 12.12, p < .001, and knowledge, F(1,65) 
= 4.44, p < .05.  These effects, respectively, were the result of RT for Physicals (M = 
323 ms, SE = 6.63) being faster than Observers (M = 358 ms, SE = 8.72); and RT of 
those with no explicit knowledge (M = 322 ms, SE = 10.7) being faster than those with 
explicit sequence knowledge (M = 346 ms, SE = 6.65).  
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Figure 5: Indirect transfer recall for re-classified physicals and 
observers.  Fig. 5 depicts mean RT for physical practice participants 
(top panel) and observers (bottom panel) during the indirect test for 
individuals that were re-classified as having explicit knowledge (left 
panel) or having no explicit knowledge (right panel).  Error bars are 
standard errors.  
Physical 
Observer 
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CHAPTER IV 
DISCUSSION 
In the present experiment we found that physical practice of a repeating 12-
element sequence leads to learning which is activated via the implicit and explicit 
systems of learning.  This is based on the findings that 1) physical participants improved 
RTs over four blocks of practicing the sequence, and 2) physical participants responded 
with faster RTs to sequenced stimuli than random stimuli during an indirect test, and 3) 
physical participants were able to recall elements of the sequence above chance during a 
direct test of learning.   
We also found that observation has significant utility when learning repeated 
sequences via explicit and implicit learning systems,  This based on the findings that 
demonstrate that a subset of observers were able to learn the 12-element sequences either 
in an implicit or explicit mode of learning.  The re-classification data shows that some 
observers had the capacity to perform well on the direct test of learning had they been 
able to acquire explicit knowledge of the sequence while observing the physical practice.  
Another set of observers were able to produce faster reaction times on an indirect test of 
learning when responding to sequenced versus random stimuli despite not previously  
demonstrating explicit knowledge of that same sequence.  This group of observers is 
thought of as the implicit observers because they appear to have learned the sequence 
implicitly in the absence of physical practice. 
The present study was directly designed to address the influence of physical 
practice and observation on the parallel development of sequence knowledge through the 
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simultaneous use of both the implicit and explicit learning systems.  While we address 
the parallel development issue first we also consider the ramifications of the present data 
for (a) the emergence of knowledge from the explicit and implicit learning systems 
during observation, and (b) the efficacy of instructional sets for activating learning 
within the explicit and implicit learning systems, in separate sections to follow. 
Parallel Development of Knowledge from the Explicit and Implicit Learning Systems 
 The most critical finding from the previous study of Willingham and Goedert-
Eschmann (1999) was data supporting the claim that both the explicit and implicit 
learning systems could be activated simultaneously with each coding unique information 
about a learned sequence (see Hikosaka, Nakamura, Sakai, & Nakahara, 2002).  These 
data are consistent with predictions emanating from COBALT, a model proposed by 
Willingham (1998).  This finding is important theoretically because it suggests that 
conscious, explicit processes are used to support performance improvements early in 
practice while simultaneously acquiring sequence knowledge via the implicit learning 
system.  While knowledge obtained via either system can ultimately support behavior it 
is assumed that later in practice it is knowledge garnered via the implicit learning system 
that directs performance.  Of particular importance then is that knowledge is maintained 
within both systems as opposed to a fundamental change occurring in the 
representational form of sequence knowledge across practice (Anderson, 1993).  While 
sequence knowledge from the explicit system remains available for use, if it is needed it 
is associated with a much larger cost because of the need to re-introduce contributions 
from frontal regions to support the required behavior (Jueptner, Stephan, Frith, Brooks, 
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Frackowiak, & Passingham, 1997).  Thus, relying on the implicit system later in learning 
can be seen as a form of optimization of resources or an efficient strategy to govern 
production of the sequence.   
A sub-set of the re-categorized data in the present study supports Willingham’s 
position.  Specifically, as in the case of Willingham and Goedert-Eschmann (1999), a 
group of physical practice participants displayed successful performance on both the 
direct and indirect tests consistent with the notion of parallel activation of the two 
systems.   Interestingly, parallel development of knowledge within both the explicit and 
implicit learning systems was not only restricted to the individuals that were afforded 
physical practice.  In the present work, some observers that exhibited rather significant 
explicit knowledge, also performed the embedded sequences faster than the random 
versions thus revealing sequence knowledge within the implicit system.  This latter 
finding is incongruent with the Willingham’s COBALT model which assigns a critical 
role for action in order for simultaneous activation of the implicit and explicit systems to 
occur.     
One could of course argue that for the individuals that revealed data congruent 
with parallel activation, performance on the indirect test was merely a function of the 
explicit knowledge that was revealed by their direct test performance.  Willingham and 
Goedert-Eschmann (1999) claimed that the possibility of this was minimized by using a 
transfer task that included mostly random trials. In addition, performers were led to 
believe that the stimuli in the transfer case would appear randomly in order to establish 
baseline performance.  We followed the same procedures used in this work and as such 
  
43
assume that we were able to establish conditions that were akin to those created by 
Willingham and Goedert-Eschmann.  Nonetheless, in subsequent endeavors to pursue 
this issue it would seem important to verify this claim experimentally.  Two possible 
approaches could be used. First, it has been argued that knowledge that is garnered via 
explicit processes is more susceptible to forgetting than information coded within the 
implicit system (Hikosaka, Rand, Miyachi, & Miyashita, 1995; Shadmehr & Holcomb, 
1997).  If, in the present work, performance on the indirect test was being governed by 
explicit processes, and knowledge was not acquired by use of the implicit learning 
system, one would anticipate any degradation in performance for the direct test to be 
similar to that observed for the indirect test as the length of the retention interval was 
increased.  Conversely, if knowledge resulted from the use of the implicit system one 
should observe differential forgetting as a result of test delay across to direct and indirect 
measures.  That is, a more rapid loss would be observed for the direct test supported by 
knowledge from the explicit system.  
A second approach would focus on the extent of effector-specificity that resulted 
following the completion of practice.  Again, it has been proposed that the knowledge 
derived from the explicit system is less effector-dependent than implicitly developed 
knowledge (Grafton, Hazeltine, & Ivry, 1998; Bapi, Doya, & Harner, 2000).  In the 
present work, if the indirect test performance was governed by explicit knowledge than 
one would expect these individuals to exhibit only effector-independent behavior.  For 
example, performance of a learned sequence with the non-trained limb would be 
superior to performance of a random sequence also performed with the non-trained limb 
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(see Verwey & Wright, 2004).  In contrast, if knowledge was generated by both the 
explicit and implicit learning systems one should be able to demonstrate both effector-
dependent and effector-independent performance.   As in the previous case, performance 
of the learned sequence with the non-trained limb would be superior to performance of a 
random sequence with that same limb. However, performance on the learned sequence 
with the trained limb would exhibit a further benefit beyond that exhibited with the 
untrained limb. These issues are currently being investigated in ongoing work in our lab.  
Advantages Generating and Maintaining Knowledge through Simultaneous Use of 
Explicit and Implicit Learning Systems during Practice 
It should not go unnoticed that there was a group of physical practice participants  
in the present work that did not garner sufficient explicit knowledge of the embedded 
sequence to exhibit performance on the direct test beyond that expected when guessing.  
Yet, when tested on the indirect test, mean RT was considerably less for the sequenced 
as opposed to the random trials thus revealing learning via the implicit system.  This 
finding of course has been demonstrated many times prior to this study (e.g., 
Willingham, Nissen, & Bullemer, 1989; Curran & Keele, 1993).  If an individual can 
learn sequential behaviors implicitly such that behavior is speedy and places minimal 
demands on the available resources (Willingham, 1998; Miyashita, Rand, Miyachi, & 
Hikosaka, 1996), what advantage can be garnered by the learner for simultaneously 
developing knowledge in the alternative, explicit system?  One benefit might be to 
increase the potential for behavioral generalizability. For example, the propensity for 
knowledge obtained through use of the explicit learning system to facilitate transfer 
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across effectors was discussed in the previous section (Rand, Hikosaka, Miyachi, Lu, 
Nakamura, Kitaguchi & Shimo, 2000; Bapi, et al., 2000; Nakahara, Doya, & Hikosaka, 
2001).  
An additional functional benefit of using multiple learning systems was directly 
addressed by Willingham (1998).  Central to COBALT are fundamental control 
processes involved in implementing action. These processes are the strategic process 
involved in selecting a behavior that changes some feature of the environment and a 
perceptual-motor integration process which identifies the spatial targets that must be met 
to achieve the movement goal.  A sequencing process places the targets in the correct 
serial order before the dynamic process supports the implementation of the necessary 
muscle activity to accomplish the task (Willingham, 1998). Importantly, for the present 
discussion, a number of these processes can be implemented in either a conscious (i.e., 
explicit) or unconscious (i.e., implicit) mode.   Using the perceptual-motor integration 
process for the purpose of illustration, this process is important because it must enable 
the environmental targets referenced in allocentric space to be designated in egocentric 
space.  Given the life-long experience we have had to develop the relationship between 
vision and proprioception it is assumed that this process occurs in an implicit or non-
conscious manner in most cases.  This does not have to be the case however.  When this 
well-learned relationship is disrupted one can revert to using the explicit learning system 
to manage the disruption and quickly establish accurate behavior.  For example, Redding 
& Wallace (1996) had individuals execute goal-directed reaching movements while 
wearing prism goggles.  In this case, depending on the nature of the prisms, a systematic 
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error in reaching is introduced.  However, following a few trials with feedback the 
participants demonstrated a significant improvement in performance by consciously 
reaching to a location that “looked” wrong.  In this case, the participant used an explicit 
or conscious process to substitute for the normally occurring implicit perceptual-motor 
integration process to enact the reaching movement correctly. Thus, having the 
flexibility to resort to using an alternative system, the explicit one in this case, turns out 
to be quite useful.   
The Emergence of Knowledge from the Explicit and Implicit Learning Systems during 
Observation  
As expected many of the observers in the present study revealed considerable 
knowledge via the explicit learning system.  An additional noteworthy finding in the 
present work was the demonstration of implicit learning only for a small subset of 
observers.  Based on the COBALT model of Willingham (1998), one would not 
anticipate that individuals exposed only to observation would be capable of garnering 
knowledge exclusively within the implicit system.  However, these data add to a 
growing empirical body of evidence that under particular observational circumstances 
implicit learning of sequence knowledge is possible.  For example, Bird and colleagues 
(2005) has individuals physically practice, observe only the sequenced stimuli responded 
to by the model, or watch an expert model responding to sequential stimuli.  Learning 
via observation of the perceptual events as well as observation of the action was 
comparable to that revealed by those afforded physical practice. More important was the 
additional finding that learning by stimulus observation was supported by the explicit 
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system whereas watching the action of the model resulted in learning through the 
implicit system.   
Osman, Bird, & Heyes (2005) also revealed evidence for effector-dependent 
behavior following observation.  This phenomenon was long thought to be most 
frequently evident following exposure to extended physical practice (see Jordan, 1995; 
Park & Shea, 2005).  Again, these data were apparent when the observer was privy to 
observing the actions of the model as opposed to the stimulus events driving the 
responding.  Thus, “action” observation seems to be a critical facet when attempting to 
encourage “implicit” system involvement during skill acquisition.  This seems 
particularly true given that little participation of the implicit learning system is reported 
when the observational practice encourages only viewing of stimulus events (see Kelly 
et al., 2003).  In the present experiments, observers were, in essence, told to watch both 
the stimuli and the performance of the model (i.e., their fingers producing the keypress).  
This was similar to the instructions provided by Willingham and Goedert-Eschmann 
(1999).  Obviously, given our instructions, it is possible that observers chose different 
ratios of stimuli and/or action observation.  One possibility resulting from this is that 
those individuals paying (a) some attention and (b) greater attention to the action were 
the observers that revealed (a) parallel activation of the explicit and implicit systems or 
(b) activation of the implicit system only, respectively.   
The emergence of behavioral data, including those from the present work, is 
timely given the recent delineation of the importance of the mirror neuron system in the 
premotor cortex of primates (Ferrari et al., 2001; 2005) and humans (Jarvelainen et al., 
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2004) as well as related activity in Broca’s area 46 in the learning of actions via 
imitation (Buccino, Vogt, Ritzi, Fink, Zilles, Freund, & Rizzolatti, 2004).  For example, 
some of the earliest work indicated that areas of the prefrontal cortex were activated 
uniformly with appropriate areas of the motor cortex when a specific motor action or 
skill was being observed.  Specifically, Rizzalotti and colleagues has revealed that a 
specific type of neuron discharges when a performer either performs or observes another 
individual executing a goal-directed action.  More recently, the circuitry that 
incorporates these mirror neurons has been explored and models have been constructed 
to illustrate the connectivity and channels of communication the brain uses during such 
performance and observation of goal-directed movements.  However, whether or not the 
same or similar neural circuits are active during physical and observational practice 
formats when learning is via the explicit and/or implicit system separately or when they 
are active simultaneously is yet to be explored and clearly delineated.  
The Efficacy of Instructions Prior to Practice: Trying to Replicate Willingham and 
Goedert-Eschman (1999) 
Willingham and Goedert-Eschmann (1999), much like many earlier studies 
addressing implicit learning, used the provision of instructions to activate the explicit 
system to code sequence information.  Of critical importance was the assumption that a 
combination of an appropriate instructional set and action is sufficient to support the 
parallel use of the explicit and implicit systems.  In the present work findings from the 
acquisition phase were in keeping with the efficacy of the explicit instructions apparent 
in the work of Willingham and Goedert-Eschmann.  That is, individuals in the explicit 
  
49
instruction conditions revealed slightly longer RTs at the beginning of practice than their 
no-instruction condition counterparts.  However, as practice progressed, being privy to 
the explicit instructions afforded a greater reduction in RT across practice compared to 
that attained by the performers that received no instructions. This finding is congruent 
with the claim that explicit application of explicit rules or knowledge can hinder 
sequence production, at least initially, but once resolved lead to superior performance 
gains (Green & Flowers, 1991). 
Unlike Willingham and Goedert-Eschmann (1999), performance on the direct 
test following the completion of practice indicated that participants provided that were 
the explicit instruction and those not given access to this information revealed 
significant explicit knowledge of the embedded sequence.  Thus, consistent with 
numerous other studies, the present work revealed that individuals can and do become 
aware of sequence knowledge without advanced information (Nissen & Bullemer, 1987; 
Willingham, Nissen, & Bullemer, 1989).  Quite unexpectedly, following the explicit 
knowledge re-categorization, it was revealed that some individuals provided with 
explicit instruction did not display performance on the direct test beyond a “guess” or 
chance level.  This finding, in conjunction with the more often reported attainment of 
explicit knowledge without prior instruction, should raise concern about the efficacy of 
instructional sets for encouraging the activation of the explicit and implicit systems 
during skill acquisition.  This is particularly concerning given so many studies 
addressing implicit learning use some form of instruction to promote the use of the 
explicit learning system.  Hence, future considerations of how to effectively elicit 
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learning in the explicit mode of learning should be made as continuing research in this 
area is conducted.  A consensus as to the related methodology is highly recommended in 
order to best generalize each researcher’s contributions to the debate. 
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CHAPTER V 
GENERAL SUMMARY AND CONCLUSIONS 
There seems to be evidence from the current experiment that suggests that the 
processes of explicit and implicit learning are indeed separate, independent systems.  
Therefore, it is reasonable to question whether there is a causal relationship between the 
two.  That is, in the instances where physicals and observers express explicit sequence 
knowledge and also demonstrate implicit learning, does explicit learning drive implicit 
learning?  One way to test this question is to employ additional manipulations to the 
experimentation procedures in order to probe the true nature of these two learning 
systems. 
First, to examine whether the explicit learning system is driving the implicit 
system, it is critical to devise a method that can put restraints on the efficacy of the 
explicit learning system.  In the present experiment, it was demonstrated that individuals 
who obtained a level of explicit knowledge also performed well using the implicit 
system.  However, recall that several participants, physicals and observers (trained 
explicitly and implicitly), did not possess explicit knowledge yet still demonstrated a 
level of implicit learning on the indirect test.  But for those participants that possessed 
explicit knowledge and demonstrated implicit learning, one way to assess whether their 
explicit sequence knowledge directed performance benefits on the indirect test would be 
to deter the use of knowledge within the explicit system using a test of delayed retention.  
In this instance, participants would return after a prolonged period (24-48 hours) to 
perform the direct tests and indirect test.  According to Willingham (1998), explicit 
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knowledge is more closely associated with other conscious processes and thus, highly 
susceptible to processes of decay.  However, learning that is purely implicit seems to be 
more resilient to decay and therefore should be demonstrated even when tested in a 
delayed retention period. 
Another way to test the notion of the explicit system driving engagement of 
implicit processes is to utilize a method that was recently used by Bird and colleagues 
(2005).  In this case, the researchers use a test of effector-dependence to target the 
explicit and implicit learning systems.  The rationale behind this was based on the 
knowledge that the explicit system has been shown to support effector-independent 
behavior.  That is, individuals that possess explicit knowledge of a task reveal a greater 
capacity to transpose task knowledge to a different effector, (e.g. the opposite hand or 
transfer from hands to feet).  In contrast, those individuals that learn using the implicit 
system develop a more effector specific representation of the task and thus, are only 
efficient at producing the task using the trained effector.  
The focus of the present work, as well as that of Willingham and colleagues has 
targeted learning of the spatial features of an action during skill acquisition.  Clearly, 
there are other dimensions that must be performed previously in order for a movement to 
be successful.   
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One obvious feature is the temporal dimension.  Recent experiments have started 
a focus on the acquisition of timing during sequential tasks.  For example, Shin and Ivry 
(2002) have demonstrated that physical participants can concurrently acquire both 
temporal (relative) features of a task with spatial features of the same task.  Sakai, 
Hikosaka, and Nakamura (2004) has shown that timing emerges during acquisition as a 
function of serial “chunking” that occurs via the processes of the cerebellum.  Thus, the 
acquired motor rhythm, or timing, compliments the motor networks within the cerebral 
cortex to effectively control movements within the serial chunks.  Questions about 
learning using implicit or explicit systems as well as the use of observation are obviously 
future issues that need to be addressed.   
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APPENDIX 
 
REVISITING THE RELATIONSHIP BETWEEN EXPLICIT AND IMPLICIT 
MOTOR LEARNING USING OBSERVATION 
           
You are being asked to participate in a study that is designed to address how 
movement sequences are learned through physical or observational practice.  You will 
be one of approximately 50 individuals that will participate in this series of experiments 
that will be conducted in the Human Performance Laboratory at Texas A&M University.  
Your participation in this study will take approximately 20-25 minutes of your time, 
which will typically earn you course credit with participating instructors. 
 
In this experiment you will either physically practice or observe someone 
physically practicing a series of key presses in an order determined by the presentation 
of visual displays provided on a computer monitor.  During this task, you will possibly 
hear audible tones if the wrong key is pressed in response to the stimuli on the screen.  
At the conclusion of this practice you will be asked to execute some additional 
sequences of key presses. You will also be asked to provide confidence ratings as a 
response to a question asked by the experimenter regarding the task. 
 
Please understand that your results will remain confidential.  You will be 
assigned an experimental code so that when your results are reported, there will be no 
information contained that would personally identify you.   
 
Please also understand that your participation is entirely voluntary.  Should you 
complete this experiment you will receive class credit for your participation.  In the 
event of an equipment malfunction or other event beyond your control that would 
warrant termination of your participation in this experiment you will receive class credit.  
However, if you choose to withdraw from this experiment before you have completed all 
of the experimental phases described earlier, you will not receive class credit. 
 
Participation in this experiment entails minimal risk to you and should you 
decide to withdraw at any point during the experiment you are free to do so without any 
repercussions regarding your relationship with Texas A&M University or the 
Department of Health and Kinesiology.   
 
This study has been reviewed and approved by the Institutional Review Board – 
Human Subjects in Research, Texas A&M University.  For research-related problems or 
questions regarding subjects’ rights, the Institutional Review Board may be contacted 
through Ms. Angela Raines, IRB Coordinator, Office of the Vice President of Research 
at (979) 458-4067 (araines@vprmail.tamu.edu). 
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